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ENGINE-TESTING instruments of the kind designed t o  give infor- 
mation regarding working conditions in the cylinders are not used 
to m y  great extent on petrol engines mounted in a Ghassis. The 
ordinary user of a motor vehicle has not, as a rule, any desire 
even to lift the bonnet, and fortunately i s  not often calleld upon 
to  do more than fill th0 radiator with water, and the respecthe 
h k s  with petrol and lubricating oil. The sinall amount of 
attention required by a modern petrol engine is largely due to 
its perfect mechanical construction, and to the reliable service 
given by ite, auxiliaries over long periods without adjustment. 
The unique properties of petrol also contribute to this satisfactory 
oondition of things by enabling an engine t o  run and develop 
useful power under adverse internal conditions. High rotative 
Speeds, moderate gas pressures, comparatively small pistons and 
valves, are features that render leakages less liable and important 
than is the case with slow-speed engines of the stationary type 
and using inferior fuel oils. 

The value of instruments for use on the test-bench and for 
experimental and development work generally cannot be over- 
estimated, and this ralue is of course appreciated by those whose 
interest lies in  getting the best out ,of any type of internal com- 
bustion engine. The object of the paper is t o  discuss the design 
and scope of the few instrumenis that are available, principally 
those suitable for use on high-speed engines, and to present some 
of the results that are obtainable. 

Tho most useful instrument for  investigating operations that 
take place in the cylinders of reciprocating engines of all type6 
is undoubtedly the diagram pressure-volume indicator. Unfor- 
tunately, however, just as the importanoe of obtaining diagrams 
from internal oombustion engines is greater than in the case of 
steam engines, so the difficulties of applying an indiaator are 
greater. 

Considering the application of the pencil-lever type of indicator 
to internal oombustion engines, it  will be realised that the 
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mechanism is subjected to more severe treatment from engines 
operating on the Otto or constant-volume cycle than when sub- 
jected to  the gradual pressure changeis common to  the Diesel or 
aonistmt-pressure cycle, but unfortunately the constant-pressure 
cycle is not at preselnt in use on automobile engines. 

With ordinary a r e  the standard type of gas-engine indieahor 
is usually satisfadory when applied to any type of internal com- 
bustion engine of which the speed does not exceed approximately 
300 revs. per minute. At  speeds below this a diagram of s a -  
ciently large area for the accurate determination of mean effective 
and other pressures may be obtained, but for higher ppeeda a 
smaller and lighter instrument is necessary. 

Tho mean indicator diagram, Fig. 1, Plate X, was obtained 
from a test of a Crossley gas engine and roducer at  the Engineer- 
inig Laboratories of the Universiky of Eiverpool. It is here 
reproduoed becausme it illustrates the very satisfactory functioning 
of an indicator, and of the engine to  which it was attached. The 
test extended over a period of twenty-fiour hours, diagrams being 
taken at intervals of fifteen minutes. Ninety-six cards of eight 
cycles per card were taken, and these were subjected to a photo- 
graphic proaess devised by Professor Scholels, and explained by 
him ir, an article published in ‘‘ Engineering.”” Useful infor- 
mation and data in connection with the mean indicator diaigTam 
so obtained are as in Table I. 

TABLE I. 
Bore of cylinder = 12 in. 
Stroke = 21-,P in. 
Revs. per minute = 210. 
Gross mean effective prelssure = 74.5 Ib. per sq. in. 

Nett indicated horse-power = 45.0.  
Brake horse-power = 39-0. 
Clearance volume = 17.4 per cent of piston-swept volume. 
Value of ‘ I  FZ ” for expansion = 1.215. 

Mechanical efficiency = 8643 per cent. 

Nett J ?  3,  =71.2 ,, ,, 

,, compression = 1.31. 

THERMAL EFFICIENCY. 
Indioated horse-power basis H.C.V. = 24.3 per cent. 

Efficiency ratio H.C.V. =446 per cent. 
> > L.C.V. =26.2 ,, 

,> ,) L.C.V. =48-1 ,) 

* See “ Engineering,’’ 10th January, 1813. ‘ <  The Mean Indicator Card,” 
by G. E. Scholes, M.Sc. 
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When in use on Ott,o-cycle engines at speeds above approxiinately 
500 revs per minut<e, the rapid acceleration of the indicahor piston 
and its attaohed iiiechanism, causeid by the almost instantanqous 
rise in pressure from that of compremion to maximum sxplmion, 
introduces inertia effects of considerable magnitude. Inertia effects 
of the pressure mechanism are masked to some extent by piston 
and pencil friction, but of course this does not remove the in- 
accuracy; further sources of inaccuracy include elasticity of the 
drum-operating mechanism, and the inertia of the drum itself. 

w 
FIo. 2.-Device for controlling travel of indicator piston. 

The combination of a strong spring with light reciproaating 
parts gives a system of which the natural period of vibration may 
be very short, and this enables diagrams to be taken from engines 
running at still higher speeds. As, however, khe resulting diagram& 
are of small size, accurate determinations such as those of the 
compression, combustion, release, and mean effelctive pressures are 
impossible. Great importance is to be attached to the fact that 
wluabb features relating to combustion, which are prominent on 
a large diagram, will be masked on the smaller one, while defeots 
of the indicator may distort the diagram and so lead to wrong 

37 (il) 
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conclysions regarding happenings in  the cylinder. Assuming that 
useful diagrams are obtainable from small indicators of the pencil- 
lever type, it will be realised that at speeds in  exoess of about 500 
revs. per minute, if extensively used the best instrument will soon 
develop looseness at  the pin joints, a defect which, once started, 
rapidly increases. 

EXPERIMENTS WITH A GAS-ENGINE INDICATOR AT HIGH SPEEDS. 
When indicating a two-stroke semi-Dieisel engine, punning at 

the comparatively high speed of 415 mvs. per minute, it oocurred 
t o  tho author that a true expansion oume would be obtained with 
an ordinary gas-engine indieat,or if the travel of the indimtor 
piston was controlled, by a stop, to an  extent thntt would jusb 
CBUSO i n 4 a  effeats to disappear fr,om the diagram. The fir& 
experiments were clarried out with an inside-spring gas-engine 
indieator, i n  which tubular stops of different lengths were fitted 
over the piston-rod, until one of a suitable length was found. 

F I G .  3. 

Profelssos Soholes suggested the use of a n  adjustable stop, 50 
that tho piston travel could be more easily controlled. For thS 
purpose an outside-spring Crosby gas-engine indicator was selected 
as being a convenient instrument to which an adjustable stop 
could be fitted, although it was realised that the oomparatitely 
heavy moving parts of an ordinary gas-engine indicator render 
such an instrument unsuitable for high-speed engines. 

The control devioe as shown in Fig. 2 comprises a bracket 
through th0 centre of whioh B rubber-tipped screw is threaded; the 
end of the smew is adjusted to wme in  contact with the spring- 
holding mrew in th5 pdst,on-md of the indimtor, as required. The 
diagram Fig. 3 was obtained when the shop was out of aation. In  
this diagram the aompression curye is clearly defined, and is acourate 
as memured at the point of maximum compression-pressure. 
When aombustion tak0s plaw, the acceleration of the moving p a d  
of the indicator is such that violent oscillation of the spring 

 at University of Bath - The Library on June 5, 2016pau.sagepub.comDownloaded from 

http://pau.sagepub.com/


ENGINE-TESTING INSTRCMENTS. 58 1 

oocurs, u recorded on the expansion curve. On bringing the stop 
into action, the expansion curve is more clearly defined, m shown 

F I G .  4. 

by Fig.  4, while, by further oontrolling the travel of the piaton, 
t>he almost perfect series of superimposed diagrams shown in 
Fig. 5 is obtained. 

The indicator diagram, Fig. 6,  is typioal of diagrams taken 
from the same engine, running under the same speed and load 

oonditions, with an indioator of lighter construction and rated as 
suitable for speeds up to 800 revs. per minute. 

 at University of Bath - The Library on June 5, 2016pau.sagepub.comDownloaded from 

http://pau.sagepub.com/


582 THE INSTITUTlON OF AUTOMOBILE ENGINEERS. 

Tho avexage mean effective pre'ssure from .a number of diagrams 
taken with eaah indicator varies but slightly. The gas-engine. 
indicatoi, fitted with the stop, recorded a mean pressure of 37.6 lb. 
per sq. in.  The high-speed indicator, without the stop, gave B 
mmn pressurn of 38.5 lb. per isq. in. Using this latter figure, 
the mechanical efficiency = 9.175/13.3 = 69 per cent. The con- 
sumption of Diesel fuel oil = 0.58 pints per brake horse-power 
per hour. The governed spe'ed of the semi-Diesel engine was 
415 revs. per minute, but it was obvious that satisfactory diagrams 

FIQ. 7 

aoulcl be obtained with the standard ,gas-engine indimtor at still 
higher speeds. 

Usin(g the same spring, the indicator was then transferred to B 
petrol engine, the governed speed of which was 1,000 revs. per 
minute. Fig. 7 is the diagram !obtained, without the shop, at a 
speed of 1,005 revs. per minute, ma Fig. 8 that obtained with the 
stop aodmlling the inertia effects of the indicator mechanism. 
Fig. 8 is reproduaed merely as p matter of interest, without any, 
olaini as to its accluracy. I n  this connection comparative tests 

FIG. 8. 

with an optical indicator require to be made before definite con- 
alusions can be arrived at. 

The gm-engine indicator, with which the high-speed diagrams 
were obtained, has been in ordinary use for a number of geass, 
and oonsequently is not in the best oondition for high-speed work. 
Although it is not expected that thle pin joints will long remain 
a good fit when working at speeds for  which the indiciator was 
not designed, the linkwork is being refitted and the diagram 
then obtained will be oompared with those taken by a Hopkinson 
I' Flashlight " indicator. 
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At high speeds and in  awkward situations, some difficulty is 
experienced in oonnecting the drum of the indicator to the re- 
ducing motion of the engine The simple attachment shown in 
Fig. 9 dispenses with the usual hook arrangement, and  with this 
device the drum can be started and  stopped with the greaterit 
case at  any speled at which indicators are used, and without 
snatching at the drum in an  endeavour to oonnect the hook to 
tha moving part of the reducing mechanism. 

Measurement of the indicated horse-power of a petrol engine ia 
not of great importanoe to the automobile engineer; iiieasuren~ent 
of mear, effective pressure on a brake horse-power base is a satis- 

b: 
FIG. 9.-Arrangemeiit for disconiiecting drum. 

fadory standard to adopt for petrol engines, the majority of 
which opexate on the four-stroke cycle in which the pressure range 
and mechanical efficiency do not vary greatly. Suitable high- 
speed indicators, of a type to  be ,considered later, have beeiii in 
exisknot? for a number of years; it cannot, however, be said that 
tho development of the petrol engine owe8 much to information 
obtained from diagrams taken directly froin its cylinders. 

TURBULENCE. 
Valuable information regarding the proces3 of combuqtioii has 

been obtained from diagrams taken from slow-speed engines. and 

 at University of Bath - The Library on June 5, 2016pau.sagepub.comDownloaded from 

http://pau.sagepub.com/


584 THE INSTITUTION O F  AUlOMOBILE ENGINEEHS. 

much of this has proved applicable to  the petrol engine. Fop 
example, in recient years great importance has been attached to 
the beneficial effect of turbulence of the mixture in the. cylinder 
a t  the instant ignition is started. The useful effect of turbulence 
was illustrated many yeam ago by Sir Dugald Clerk, and it has 
abn been proved to hold for petrol engines by the recent bats of 
MI. Ricapdo and other investigat,ors. The question is of t o p i d  
interest. and a continuous series of diagrams are reproduced, which 
clearly illustrate the value of turbulenoe, which incidentally is 
greatw with weak than with rich mixtures. The experiment was 
carried out on a Kational gas engine installed in the Engineering 
Laboratories of the University of Liverpool. The engine is 
governed on the ‘‘ hit-and-miss ” system, the gear for tripping the 
valves being similar to  that used by Sir Dugald Clerk in his 
original experiments. The diagrams were taken with an indicator 
fitted Trith a magazine drum, which enablled a continuous seriels 
of diagrams to be obtained. Unfortunately, the effect of turbu- 
lence cannot be illustrated in this way hy diagrams taken from 
a petrol engine. Such diagrams can only be obtained from an 

Pic. 10 --Continuous series of diagrams illustrating the value 
of turbulence. 

engino fitted with a means whereby the inlet and exhaust valvsq 
may be put in or out of action when running at  normal speed, 
and at a pre-determined instant. 

Diagram A is a norinal one, and as soon as the chwg* wm 
ignited the ignition was switched off. As a result the next charge 
taken into the cylinder, B, was compressed but not ignited, and at 
the end of the expansion stroke it was discharged through the 
exhaust aalve. The iiiext charge C wais t h w  free from dilution 
by produuts of oombustion, and this charge was trapped in the 
cylinder, and IV&Y compressed and expanded four aonsecutive 
tiine. During these strokes the turbulence, creakd during, 
the wction stroke of C, bad died down considierably by tha 
tinip the oompression strokle of G was completeid. This is 
evident by an inspection of G, which is the inferior diagram 
obtained when the charge was fired at  the end of the fifth com- 
pression stroke. Diagram H shows the effect of compressing and 
expanding the products of combustion remaining in the cylinder 
from G, while J is the normal diagram obtained when the valves 
were again in operation. During the period between diagrams A 
and J. except for G, the engine was running by its own momentum. 
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OPTICAL INDICATORS. 
To be of service for petrol-engine testing an indicator must give 

accurate diagrams at speeds in the region of 2,000 revs. per minute, 
and indicators of the optical type are alone able to operate satis- 
factorily at  such speeds. In  optical indicators the pressure element 
comprises either a steel diaphragm or a spring-opposed piston. 
The actual movement of either diaphragm or piston is much less 
than is necessary with a pencil-lever indicator, while the magnify- 
ing mechanism is considerably lighter. Movement of the 
diaphragm or piston is utilised to tilt a mirror on to which a beam 
of light is reflected, the beam being then reflected back on to a 
ground-glass screen, fixed at  a suitable distance from the mirror. 
Thus a small angle of tilt of the mirror gives a suitably large 
pressure scale, as recorded by the point of light which appears on 
the screen. When a single mirror only is used, in  addition to the 
vertical angle through which it is tilted for pressure measurement, 
it must at  the same time be movpd through a horizontal angle so as 
t o  give the volume displacement of the pressure-volume diagram. 

In some indicators the mirror attached to the pressure element 
is tilted in a vertical direction only, the beam being reflected on to 
a second mirror which is oscillated in a direction at right angles to 
the first mirror so as to reproduce the motion of the engine piston 
and so give an indicator diagram. The use of two independently- 
operated mirrors simplifies the construction of the pressure element 
and makes for greater rigidiby of the latter. The advantages of 
the optical indicator for high-speed engines were first pointed out 
by Professor Perry, who illustrates an instrument of his own design 
in his book on the steam engine, and also in  a paper* read before 
the Physical Society. I n  this paper Professor Perry mentions the 
optical indicator of Messrs. Clarke and Low, a sectional view of 
which, sketched from “ Engineering,”; is shown in Fig 11, as it 
best illustrates the pTinciple of n-hat is probably the first optical 
indicator. 

THE HOSPITALIER-CARPENTIER INDICATOX. 
SO far as the author is +ware, the first indioator diagrams pub, 

lished in this country from a high-speed petrol engine were those 
obtained in 1903 by Professor Callendar, who used a Hospitalier- 
Carpentier optical indicator. The author is indebted to Professor 
Callendar for copies of the publication,$ containing an account of  
his experiments. This instrument was of the diaphragm type, 
using a single mirror which was tilted vertically by flexure of the 
diaphragm, and horizontally by a small crank and connecting-rod 
driven through shafting and gearing from the engine shaft As 
supplied by the makers, the diaphragm-chamber is coiinected to the 

* See Proceedings of the PhyRical Society, Vol XI , p. 151. 
t See “Engineering,” 10th July. 1885 
; See “ Technics,” April, July, August, 1904. 
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engine cylinder by a flexible coppw tube of very small bore, and 
about a metre in length. The crank and connecting-rod mechanism 
for reproducing. the piston stroke was driven by a flexible shaft. 
Professor Callendar found that the long connecting-tube reduced 
the pressures recorded by the indicator some 25 per cent below those 
actually existing in the engine cylinder, and in addition, the events 
as shown on the diagram were considerably later than was actually 
the case. By reducing the length of the pressure-conducting tube 
to about 3 in. and increasing its sectional area, the pressure in- 
accuracies were apparently eliminated. The driving shalt was also 
unsuitable because of its flexibility, and was replaoed by a pair of 

PIG. 11 .--Clarke ant1 Low optical indicator. 

short steel rods and bevel wheels, and this resulted in accurate 
reproduction of the motion of the engine piston. 

After effecting the improvements mentioned, Professor Callendar 
was able to  obtain accurate diagrams, one of which is reproduced 
in F ig .  12, Plate S .  

THE SCHULTZ OPTICAL INDICATOR. 
The Hospitalier-Carpentier and the Schultz indicators created a 

good deal of interest at the time of their introduction, and ainw 
1905 several optical indicators have been developed in which the 
defects of the former instruments have been eliminated. 

sectional and part plan views of the Schultz indicator mechanism 
are given in Fig. 12.  Like the Carpentier instrument, the Schultz 
is O C  tho single-mirror type. The pressure-connection to the engine 
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cylinder is through a long tube of very small bore, the hole com- 
municating with the diaphragm-chamber being only 0.08 in. dia., 
that thltough the cionnecking-tube bleing smdler. A protective 
diaphragm of n,on-aorrosive metal is clamped on thie pressure side 
of the steel diaphragm, tanid o n  the top of the sheel diapbmgm a 
loosc diso of steel, 0.98 in dia. and about 1/16 in. thiok, nests. 

Pressure from the diaphragms is transmitted through the disc 
aid strut A to the adjustable scsew passing through thie cantileveP- 
spring B. Thus, pressure from the engine cylinder is resisted both 
by the stiffness of the diaphragms and by the spring B. Although 
the latter is removed from temperature effechs, the combination of a 
diaphragm and a spring does not overcome inaccuracies due to 
overheating. The mirror is mounted on a leaf-spring, a knife edge 

FIQ. 1:j.-Schultz optical indicator. 

on the end af the latter being kept in oontacl; with a hardened fam 
on the end of the cantilever-spring, as shown. The leaf-spring is 
pivoted on the point of the screw C, and careied on a plate D, which 
is oscillated on the shank of the screw C, by the small crank and 
connecting-rod E, which in turn is operated by gearing from the 
engine shaft. 

Good-looking diagrams could be obtained with the Schultz indi- 
cator, but it was a pioneer instrument, and suffered from the same 
defects as the Hospitalier-Carpentier indicator referred to by Pro- 
fessor Callendar; as used by the author on a high-speed paraffin 
engine in which combustion was not always perfect, the gas pas- 
sages soon beoom,e chokled, and when detonation occurred the 
mirror frequently left its pivot. 
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In a paper on " Tliermal and Combustion Efficiency of a fom- 
cylinder. Petrol Motor,"* Dr. Watson described an  optical indicator 

of the diaphragm type designed by himself. Valuable facts relat- 
ing to pressure distribution and combustion were d,eciuced from the 

* See Proc. I.A.E., Vol. III., p. 387. 

 at University of Bath - The Library on June 5, 2016pau.sagepub.comDownloaded from 

http://pau.sagepub.com/


ENGINE-TESTlNG INSTKUMENTS. 589 

diagrams obtained with this instrument, and in the words of Pro- 
fessor Callendar, “his  form of optical indicator will rank as an 
instrument of scientific precision even at high speeds.” 

PROFESSOR BURSTALL’S OPTICAL INDICATOR. 
Tho optiaal indioator designed by Professor Burstall embodies 

in its aollstruotion all the featwets that are neoessary for the 
murate working of such instruments when in  continuous use. 
Fig. 14 hais been prepared from a drawing kindly supplied by 

FIG. 16.-Pressiire element of Midgley indicator. 

Professor Burstall, and from the portion reproduced the construc- 
tion of the diagram-producing mechanism is apparent. A canti- 
lever-spring is adopted, and the piston is connected to the spring 
by meam of a hollow piston rod, the top of which is ooned. The 
coned portion bears direct on a hollow steel ball which fornis 
part of the spring itself. A similar cone is provided on the top 
of the ball, and the cones are held together by a screw passing 
through the ball. The piston wall is slightly rounded to reduce 
friction and to  allow- of alineinent being maintained when the 
spring is defleoted The spring and mirror-holder are formed 
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from the solid in nickel chromium steel, an arrangement which 
was found necessary in  order to  prevent mirror vibration at high 
speeds. An outstanding feature is the very oomplete water oooling 
system, which inoludes the cylinder portion pf the indicator and 
also tho plug of the indicabor oock. The provision of a form 
pump enables the piston to be systematically lubricated, thus 
avoiding tho necessity of removing it from its cylinder and thereby 
interfering with the mirror setting. The robust construction of 
the mounting gear of the swond mirror, and the convenient ad- 
insting devicies are but a few of the features comprised in wl& 
is an excellently designed and beautifully made instrument. 

FIG. 17.-Midgley optical indicator. 

THE MIDGLEY OPTICAL INDICATOR. 
Tho indiciator diwrams shown in Fig.  15, Plate XI,  are repro- 

duced from an artiole on “ Multiple Spark Plugs and the Suppres- 
sion of Knocking,”* by Professor C. A. Norman of Ohio State 
University. The diagrams mne obtained with a Midgleyt indicator, 
an instrument that is popular in the U.S.A. for relslelarch work. The 
pressure element, Fig. 16, oomprises a spring-opposed piston, the 
travel of which is very small. ,A concave mirror, attached to a 
horizontally-pivoted shaft, is mounted on the top of the pressure 
element. The mirror is tiltad through a vertical angle by a struti 
which is oonnecbd at its lower end t o  the indicator piston, and at; 

* See “Automotive Indurtrieu,” 15th August, 1922. 
t Me. Thomas Midgley, jun., Chief Engineer, Fuel Section, General Motors 

Research Corporation, Dayton, Ohio. 
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its upper end to a short arm fixed to the shaft carrying the mirror. 
A beam of light from an  electric bulb is neflected on to the concave 
mirror and then back again t o  the surface of an octagonal mirror, 
as indimted in Fig. 17. From the octagonal mirror the beam 
is reflected, for observation purposes, on to ~t sheet of ground- 
glas.: fixed in  the end of an  ,endosing box, or the resulting dia- 
gram may be photographed on a pieoe pf “ Eastman Recording 
Paper No. 1.” For obtaining pressure-time diagrams the mirror 
is rotated by a synchronised electric m:otor, and for pressure- 
volumb diagrams the mirror is osdlated by mechanism which 
seproducres the mtotion of the engine piston. 

Tho pressure element is the vital part of any indicator, and is 
ithe feature of construetion which presents the greatest difficulty 
in design. The design of this part of the Midgley indiciator is 
particularly interesting, beoause, when in position on the engine, 
the indicator piston is almost flush with the inner wall of t h e  
combustion chamber. As the spring is immediately adjacent to 
the piston, and there is no water cooling, the spring will thus be 
exposed to  a high temperature. The piston travel ir of wurw, 
very short, and it is conoeivable that the spring is made of 
material of which the elasticity is not seriously affected by the 
temperature to which it is in  this case subjected. 

Anothey rather remarkable feature is that lubrication oif the 
piston is not allowed, and no provision is made for discounedng 
the indicator piston from continuous communication with the engine 
cylinde~. The design af the indicator cylinder is elxcellent, for 
the reason that the instrument does not add to the clempacia 
voluine ,of the engine cylinder, and in addition, it also obviates. 
pressure-lag behind the piston, and enables the piston to respond 
111 correct time to pressure changes in the enginle cylinder. On 
the other hand, it would appear that the high tempemature to 
which the piston and spring are subjeched would negative the 
value of the features mentioned. 

INDICATOR CONNECTIONS. 
A considerable amount of skill is required to set up and operate 

an optical indimtor, and the befit instruments of this type a m  
not suitabh for q u i d  attachment to the cylinders of an ordinasy 
automobile engine. Difficulty is usually encountered in connecting 
the instrument to  the oombustion chamber, also in providing a 
reducinlg motion that will accurately reproduce the stroke of the 
engjne pilston. For high-speed work a synchronising device is 
desimble, in order to crorrect errors in  timing the dead-centiw 
positionrs-emors which are due to flexibility in the driving 
mechanism, and neicmsitate the adjustment being made while the 
engine is running. 

Far the purpose of indicating a multi-cylinder engine, the, 
stroke-rducinmg mechanism of the indicator is further complicated, 
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and i L  is neoetssary to connect each indieator to the driping g a s  
so that the outer and inner strokes Qf the indicator-gear crosshead 
coincide with those of the engine piston. 

The first cost of an  optical indicator is necessarily high; thus 
it is a costly undertaking t o  provide indicators for a multi-cylinder 
engine. The changing over of a single instrument from one 
cylinder to another, even i f  it were possible while the engine is 
running, obviously detracts from the value of the indicating 
process 

At the present time, the principal use of the optical indicator, 
at any rate for high-speed multi-cylinder engine testing, is con- 
fined to teaching and research laboratories, where, although cost 
is an item to be oonsidered, difficulties of application can usually 
be overcome, as the installation is more permanent. 

Indicators attached to the cylinders of internal combustion 
engines very soon beoome overheated On some engines the con- 
noctioii has to be made through a part of the oylinder thalt is not 
water-cooled. With outside-spring instruments, although over- 
heating of the spring is avoided, lubrication of the piston is 
difficult, and the indicator is generally inconveniently hot to handle 
for adjustment purposes or use. Leaky indicator aocks are perhaps 
the principal oawe of overheating, and for high-temperature mork 
the ordinary plug cock is unsatisfactory; when overheated it is 
apt to seize, and as a consequence, it is generally left loose elnough 
for use at all times, and soon develops a permanent leak. A plug 
cook h w  the advantap that it allows of a straight-through con- 
neotion to the indicator, occupies a small spaoe, and its insertion 
does not seriously affect the clearance volume of the cylinder On 
the other hand, a leaky plug very ,soon discounts this advantage, 
and a form of screw-down valve is t o  be preferred. 

The use of a long pieoe ,of small-bore connecting-pipe between 
the engine cylinder and the indicator reduces the difficulty of 
eonnecking one to  the other, and also prevents overheating of the 
indicator This fact was appreciated by the designers of the 
earlier diaphragm indicators, but, as since proved, a long pipe- 
oonnection introduces pressure and diagram errors that generally 
prohibi! its use 

OKIJL PRESSURE INDICATOR. 

The difficulties encountered when using one of the earlier types 
of optical indicator on a high-speed petrol engine, and the pradi- 
cal impossibility of using such instruments for the every-day testing 
of multi-cylinder engines, led the author to design the pressure 
indicator shown in Fig.  18. Experience with this instrument has 
proved that, except perhaps for  test-house and laboratory use, test- 
ing instruments suitable for automobile engines must be of robust 
construction so as to stand a considerable amount of hard wear, 
and at  the same time retain their accuracy with the minimum 
amount of attention. Attachment to the engine must not demand 
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more than the removal of a compression-tap or a sparking-plug, 
and this neoessarily limits the amount of information obtainable 
regarding pressure distribution in the cylinders. 

Engine designers determine what the compression-pressure of 
an engino is to be by deciding on a volume-ratio of compression 
suitable for the type of engine they are designing. I n  the case 
of petrol engines for vehicle propulsion, volume-ratios range 
between three and five, according to the requirements and ideas of 

FIG. 18.- Okill pressure indicator. 

the designer, and no difficulty is experienced in building multi- 
cylinder engines in which the volume-ratio of compression of in- 
dividual cylinders is exactly the same. The approximate com- 
prassion-pressure corresponding to any volume-ratio is readily cal- 
culated from the generally accepted formulae, which, however, 
aasume an index value for the compression curve which may not 
be correct, uniform and practically unrestricte,d flow of mixture 
to each cylinder, and the absenoe of leakage during compression. 

It is a matter of some difficulty to  measure the clearance volume 
OKILL. 38 
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of an engine in its assembled condition, and not a simple operation 
even with the cylinder block removal, while such measurement is 
useless for indicating leakages, or as a means of detecting throttling 
and gas distribution defects in Individual cylinders under working 
conditions. The pressure indicator enables the coinpression-pres- 
sure and the combustion premure to be measured at any engine 
speed, and although it doe& not enable horse-power determinations 
to be made, useful information regarding the features referred to 
above is readily obtaind. 

The most important consideration in the design of any instrument 
suitable for accurately measuring the magnitude of rapidly pulsat- 
ing pressures, is the complete elimination of inertia effects, and this 
has been accomplished in the author’s pressure indicator by bring- 
ing the parts to rest at the instant of taking a reading. The 
instrument comprises a piston of which the motion is limited by 
a atop flange, and the underside of which is acted on by the gm 
pressure existing in the cylinder, this upward pressure being 
counteracted or balanced by an adjustable coiled spring pressing 
downwards on the piston. When t.he spring is insufficiently com- 
pressed, the piston is lifted a limited amount by the pulsating 
pressure in the engine cylinder, but when correct adjustment is 
obtained, it just fails to move under the momentary maximum 
pressure attained at the end of the compreasion or explosion stroke, 
as the case may be. At the lower end of the hollow piston rod, 
and solid with it, is a flange F, Fig. 18, which acts ais the lower 
support for the spring, and also, by coming against the in te rd  
flange of the barrel C, ack as a stop to limit the motion of the 
piston, thus preventing it from being blown out of its cylinder 
when the spring is being adjusted. The cranked pointer pivoted 
on the bracket attached to the barrel C, serves to  magnify the 
piston motion, and indicates when a balance has been reached 
between the maximum prwsure in the cylinder and the spring 
pressure on the indicator piston. The spring pressure is adjusted 
until the movement of the piston just ceases, st9 indicated by the 
longer arm of the pointer. 
In the earlier designs the pressure scale was arranged as a 

micrometer, the fixed scale being engraved on the outer surfaoe 
of the barrel C, and the moving scale on the circumference of the 
outer sleeve D. In the later instrument pressures are read direct 
on the counter which is driven as shown in Fig. 18. For use on 
cylinders where the indicator connection is pocketed, or in appli- 
cation6 where it is desired to eliminate connections to  the indicator 
which add to the clearance volume, the micrometer scale is a con- 
venience. By removing the vibrating arm and also the counter, 
the space required to r,otate the wh,oile instrument is considerably 
r e d u d ,  mil the adjustment for pressure reading nay just a.s 
aocvraterly be made by resting the finger very lightly on Bop of 
the piston r,ad while regulating the spring pressure. 

F o r  research purposes where a high degres of accuracy i5 
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essential, and where the instrument is in  use for long periods, Mr. 
Ricardo found it necessary to w a t e r - j d e t  the cylinder, and to 
fit an electric indicating device to the vibrating pointer. This 
latter arrangement is more convenient, although not more sensitive, 
than touching either the vibrating finger or the centre tube. Lubri- 
cation of the piston with pure castor oil under pressure was also 
found beneficial. 

The following experiments were carried out by the author on a 
Coventry-Simplex engine, to determine: -(a) the volume-ratio of 
compression, (b) the effect of carburettor and manifold resistance 
on the compression-pressure as measured by the pressure indicator. 
The engine is of the four-cylindar monobloc type, the cylinder 
dimensions being, bore = 66 mm., stroke 110 mm. 

After removing and cleaning the cylinders and grinding in the 
valves, the cylinder block was inverbd and levelled on supports. 
A measured volume of 400 C.C. of water was poured into each 
cylinder, and the depth of the water surface from the cylinder 
flange measured by means of a micrometer depth gauge. The 
depth readings were as follows:- 

Cylinder No. 1 =3.755 in. 
,, ,, 2 =  3.74 ), 
9 ,  ,, 3 = 3.72 ,, 
3 1  ,, 4 =3.73 ,, 

Mean Value =3.74 ,, 
The operation was repeated several times with a markedly close 

agreement between the readings. The addition of a further 1200 C.C. 
of water raised the level in each cylinder 2.296 in. 

The piston dimensions were then obtained, alao the height af 
the top of each piston above the crankcase; the piston head, it 
should be mentioned, is in the form of a truncated cone, the base 
of tho Gone being 7.019 in. above the crankcase, after allowing 
for tho thickness of the cylinder flange washer. 

Thus, 7.019 - 3.74 = 3.279 in., equivalent to 285.5 c.c., to which 
must be added the volume of the truncated portion of the cone, 
namely, 9.0 C.C. 

Hence the clearance volume of each cylinder = 

Piston-swept volume = 

Volume-ratio of compression = 

400 - 294.5 = 105.5 G.C. 

34.2 X 11 = 376.2 C.C. 

376.2 + 105.5 = 4.s6 .  
105.5 

clearance volum,e-ratio = 28 per oent of piston-swept volume. 
Pressure-ratios of compression = 

value of I n '  = 1.27 1.28 1.29 1.3 1.31 1.32 1.33 1.34 
pressure-ratio =6.9 7.0 7.1 7.2 7.3 7.4 7.5 7.6 

38 (2) 
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Compression-pressure, 
Ib. per sq. in. 

After measuring the clearance volume the engine was re- 
assembled and coupled to an electric motor, by which it was driven 
at the speeds and under the conditions given in Tabb II., cold 
water being circulated through the jackets during the tests. 

TABLE 11. 

(a) Carburettor on, throttle full open. 

Cylinder No. Revs. per minute, 1,100. Revs. per minute, 1,410. 

Compression-pressure, 
lb. per sq. in. 

69 1 
2 
3 
4 

77 
77 
77 

71 
72 
73 

(b) With choke-tube (only) removed. Choke-tube = 13 mm. dia. 

Cylinder No. Rew. per minute, 1,085. 1 Revs. per minute, 1,415. 
I 

1 
2 
3 
4 

80  
81 
81 

Compression-pressure, 
lb. per sq. in. 

79 
81 
81 
81 

(c) With carburettor and manifold removed. 

Cylinder No. 

1 
2 
3. 
4 

Revs. per minute, 1,100. 

Compression-pressure, 
lb. per sq. in. 

79 
80 
8 0  
81 

Revs. per minute, 1,400. 

Compression-pressure, 
lb. per sq. in. 

79 
80 
80 
81 
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The relsults given in Table 11. (a), show that the choke-tube 
offers considerable resistance to the gas %ow, especially at the 
higher speed. Comparing the compression-pressures in the cylin- 
ders with the choke-tube only removed in  case (b), and the cax- 
burettor and manifold removed in mse (o),  it  will be notiioed tha.t 
the compmssion-prwsures are almost exactly the same in  each case. 

With the manifold removed, it would appear that eddies are set 

FIG. 19. 

up at tho port face, whereas, with the manifold and carburettor in 
positi,m. a dire'crtive entrance effect is created, tlm beneficial e'ffect 
of which counteracts the retarding effect of friction on the flow of 
mixture through the carburettor and manifold. 

For accurate comparative determinations of compressicm-prea- 
sure, it is necessary to take the barometric pressure into account. 
In Table 11. ( 0 )  with the barometer reading 29.47 in., the com- 
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pression-pressure measured in  cylinder No, 1 at 1,100 and 1,400 
revs. per minute, was 79 lb. per sq. in. 

On an occasion when the barometer reading was 28.96 in., the 
compression-pressure measured in the same cylinder and at the 
same speeds, wm 76-77 lb. per sq. in.  

The curves reproduced in Fig. 19 are plotted from figures from 
a four-cylinder Vauxhall engine, which were supplied to the author 
somo time ago by Mr. L. H. Pomeroy. The short vertical lines 
joining points on the curves are a measure of the pressure variation 
in the four cylinders a t  the observed speeds. At  740 revs. por 
minutc the comprwsion-pressures are exactly the same in each 
cylinder, while at the higher speeds the maximum variation be- 
tween any two of the four cylinders is not inore than 6 lb. per sq. in.  
The reduction in mass charge to the cylinders at  2,100 revs. per 
minutc is apparent, but it is interesting to note that at this speed 
the ratio explosion/compression is slightly higher than at lower 
speeds. 

The following results of tests made with the pressure indicator 
are extracted from ‘I The Gas, Oil and Petrol Engine,” by Dugald 
Clerk and G .  A. Burls. 

The four-cylinder 40 h.p. Wolseley engine, 5 in. bore x 5$ in. 
stroke, with flat-topped combustion chamber, valves side-by-side, 
volume-ratio of compression = 4.17 and calculated pressure = 
98.5 Ib. per sq. in. absolute, gave when tested by the pressure 
indicator a compression-pressure of 100 lb. per sq. in. absolute at 
1,000 revs. per minute. 

On a 5 in. x 5+ in. engine running at  2,000 revs. per minute, 
with C = 4.2, and having a calculated pressure of 99 lb. per sq. in. 
absolute, the indicator recorded a compression-pressure of exactly 
that value. 

On a 4 in. x 4 in. engine at 1,400 revs. per minute, with C =4.7, 
and a calculated pressure of 115 lb. per sq. in. absolute, the indi- 
cator recorded a pressure of 110 lb. per sq. in. absolute. 

The prinoiple of this indimtor has been applied to the 
Bourdon-type of pressure gauge, as indicated in Fig. 20. What 
is normally the free end of the tube in an ordinary pressure-gauge, 
is constrained to move in a circular arc, the radius of which is fixed 
by the link A to which the end of the tube is pivoted. This end 
of the tube may be moved to any daired position by rotating the 
milled-headed m e w  C, which works i n  a nut fixed to the gauge 
m e .  A rod B, located approximately at right angles to the link A, 
is pivoted at the end of this link, and is free to d ide  a limited 
distance through the centre of the adjusting screw C, its longitu- 
dinal movement through the screw being limited by collars attached 
to the rod. I f  the gauge finger is adjusted by the screw C to a 
pressure less than the maximum pressure to be measured, the finger 
is free to vibrate through a distanoe on the dial of not more than 
5 lb. per sq. in. I f ,  however, the gauge finger is adjusted to a 

 at University of Bath - The Library on June 5, 2016pau.sagepub.comDownloaded from 

http://pau.sagepub.com/


ENGINE-TESTING INSTRUMENTS. 599 

higher pressure than the maximum in the engine cylinder, it will 
remain stationary. Correct adjustment for pressure reading is 
made by regulating the screw C until the gauge finger-just ceases 
to  move. 

Owing to its more delicate construction and greater liability to 
derangement, the piston type of prassu,re indicator is to be pre- 
ferred, and it was with a view to incorporating the advantages of 

FIU. 20.-Okill preesure indicator applied to Bourdon gauge. 

the dial gauge that the author designed the direct-reading instru- 
ment illustrated in Fig. 18. This instrument may bs used to 
measuro higher pressures than can be dealt with by the dial 
gauge. It cannot be damaged in use, is more compact and is 
emier to nead than the latter, and does not add appreciably to 
tho olearanae volume of an engime cylinder. 
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CONCLUSION. 

The importance of testing instruments as aids to the detection of 
the causes of fuel inefficiency, and for inwtigation work, is now 
universally recognised. For high-speed internal combustion 
engines it is necessary to extend the application of indicators as far 
beyond the scope of the modified form of steam engine indicator 
as possible. To what extent this has been, and is being done, the 
author has endeavoured to indicate, and those dealt with are re- 
presentative types and the instruments with which he is most 
familiar, though he realises that there are other instruments whose 
value is at least equally greak. 
In conclusion, the author desirw to express his thanks to Pro- 

fessor Watkinson, for permission to use the engines and instru- 
ments available for experimental work in the Engineering Labora- 
tories of the University of Liverpool, and to his colleagues for help 
willingly given in connection with the work entailed in preparing 
the paper. 
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THE DISCUSSION. 

Professor SCHOLES, in opening the discussion, said: The author 
has given a comprehensive and useful review of the testing instru- 
nients whioh are available for the use of automobile engineers, and 
in addition has drawn attention to the difficulties attending their 

Referring to the paragraph a t  the beginning of the paper, ‘‘ High 
rotativo speeds, moderate gas pressure@, wmparatively small pistons 
and valves, are features that render leakages less liable and impor- 
tant than is the ease with slow-speed engines of the stationary 
typo and using inferior fuel oils,” I agree that with high-speed 
engines slight leakages are not very important once the engins has 
got away, but air leakage into the engine may prove troublesome 
when endeavouring to start up. 

The author states that the high-speed engine owes very little of 
its development to the we of testing instruments. It is certainly 
true that muoh of the future development of high-speed engine8 
will depend on the introduction and we of suitable instruments 
of tho indicator type. 

Small indicators of the pencil-lever type are marketed as suit- 
able for spew& up to 2,000 revs. per minute, but after considerable 
experience of such instruments I have not been able to get true 
diagrams at s p d s  above 900 revs. per minute. Even at this 
speed the wear on the indicator mechanism of a lightly-constructed 
instrument is serious, and its life is consequently short. 

3y taking an ordinary gas-engine indicator of the Crmby type 
and fitting to  it the simple etop device described by the author, it is 
poimible t o  oointrol i9w travlel of the piston-rod, eta., during that 
portion of its action where its acceleraition is very rapid, and thus 
8ucceed in  obtaining reasonably shaped diagrams at 1,000 revs. 
per minute. 

When referring to this devioe, the author ia oareful to limit his 
remarks to the statement that the diagrams obtained are of the 
expected shape. I do not think that he is prepared to say that the 
modified gm-engine indicator is necessarily giving accurate’ dia- 
grams, but I am looking forward with interest to a wmparison of 
thew diagrams with those taken by means of an  opkiaal indicator. 

Users of indimtors on Diesel engines will sppreoiate the fact 
that the shock to which an indicator mechanism is subjected is 
muelk more severe when the engine opera& on the Otto cy’cle, 
wLidi  an ‘occasion it may do, than when it is running under normal 
constant-pressure ombustion conditions. 

Tho stop device will be useful in preventing damage to the 

use. 
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indicator should violent explosions occur, aa it will be possible to 
set tho stop to  mme into action at any desired maximum pressure. 

The Midgley indicator is certainly of unusual design as regards 
its pressure element, and I wonder what happens to  the spring 
and piston, bmoth of which are subjected to a high temperature. 
On examining the Midgley diagrams (Fig. l5) ,  the almost total 
absence of empression curves on the diagrams detracts from their 
value, and suggests that in this case gas leakage past the indicator 
piston is exaessive. For showing the effeot of increasing the 
number of sparking plugs in action, the diagrams are interesting 
and are umful in a comparative way. 

The author has not unduly emphasised the value of his own 
pressum indicator, but after having made considerable usel of it, 
I an1 glad of this opportunity of testifying to its usefulness. As 
pointed out in th0 paper, inertia effects daskroy the accuracy of 
most indicators when they are used a t  the high speeds now in 
vogue, but in  tlue Okill instrument inertia effects are entirely absent 
at  any sped .  

Mi.  A. T. J. KERSEY: The author's method of checking the 
rise of t h  p e n d  mechanism is simple and effective, but I haw 
mmo doubt whether the mechanism itself is likely to have a long 
life, particularly under high-speed conditions, as a relatively large 
amount of kinetic energy has to be destroyed in  a very mall  
fraction of a second. At a speed of 1,200 revs. per minute the time 
of tho explosion is less than 0.001 sec., and with a rise of 0.1 in. 
of tho indicator piston this mans  an average speed of 9 f t .  per 
w o n d .  I h a m  had troublle with the pencil arm of a gas-engine 
indicator owing t o  this rapid rise of pmssure. The arm bent in  
just the same way as a long flexible rod would bend if pivoted at 
one end and subjected to a sudden upward force near the pivot'ed 
end. Even if this bending does not occur it seems to me that the 
joints will neled very frequent adjustment. 

I think, however, that the chief difficulty in the use of the 
ordinarj indicator for high speeds will be drum inertia. If the 
weight of the drum is 0.2 lb. and the stroke is 2 in. [drum l# in. 
diameter), then at  1,000 revs. per minute a force of 6 Ib. will be 
required to reverse the motion of the drum at the end of tho stroke. 
At 2,000 revs. per minute four times this force would be necessary. 
I should be glad to know whether the author has experienced any 
troubla in  this respect. 

The objection to the optical indicator is that it has very little 
of thc simplicity and handiness of the ordinary type. We shalt 
always have trouble in fitting reducing ge8ars to petrol engines; 
the e n g h  is bolxe'd in, and the only thing to do  is to fit a spm&et 
whed on the shaft and drive from that, so that it is impossible to 
take any ordinary petrol engine and get an indicator diagram with 
the same erne as with a ste,am ,or gas engine. 

The author has not described the Dalby-Watson indioator; this 
is of tho diaphragm type, and has the advantage of having the 
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reciprocating motion for the mirror self-contained with the instru- 
ment An important accessory with this instrument is the “phase 
changer,” whitah enables measurement of the rake of rise of pressure 
during explosion to be w t i m t d ,  by shifting the phase through 
90 degrees. T h i  indimtor, however, has the disadvantage that it 
requires a framework fixed to the engine, and if the engine vibrates 
much the framework may vibrate in a different way and that 
would tend to upset the diagrams. The Burstall indieator has 
the advantage of being self-contained in the same way as the pencil 
type, but them is still a pmsibility of the diagrams being upset by 
vibration ubss  the instrument is very well balanced. The cost 
of a Dalby-Watscnn indicator, including the phase-changer, is 
about $120 at present. 

The R.  A. E. i;ndimtor* seem6 to have some important possi- 
bilities for high-spwd work, as the recording mechanism, being 
operated electrically, can be taken as far away from the engine 
as desired, and can be connected in turn to each cylinder. 

I think the practitcal development of the internal combustion 
engine has been assisted very greatly by the Okill instrument, 
which has the advantage of simplicity and reliability. Each 
cylinder can be tested to see whether they are giving uniform 
results, and some idea of the distribution of the mixture at different 
speeds can be obtained with little trouble. I t  also gives an oppor- 
tunity of testing the effects of difkerent arrangements of inlet mani- 
fold. The author is to be congratulated on the design of the 
instrument and on its many advantages to the designer and tester. 

Mr. E. B. COLE: On page 596, the author has tabulated the 
compression-pressures obtained with his indicator, the enginel then 
being driven by an  electric motor. During his reading of the 
paper he touched upan the method of using his indicator on an 
engine mounted on its ohassis. I think it would be of general 
irttawst if he were to enlarge on this-explaining the p r o d u r e  
adopted for measuring thfe full compression of an engine so 
mounted and running under its own powler. 

Mr R.  A. DOWNS: I remember when running a gas engine of 
about 8 h.p., and taking the weight off the governor, thus reduc- 
ing the speled, I got almost ideal diagrams. After loading the 
governor with a few collars lighter than the weight, so as ta get 
a slightly increased speed, I then took diagrams and got a number 
of waves in the expamion curve. 

I then inornasal the weight on the governor and the wave6 
giadually vanished until the engine reached full speed, at  which 
spwd they began to appear again. 

It would thus appear that there was an ideal speed which was in 
time with the indicator a d  it5 spring generally. 

When I compared that ideal diagram with those taken when 
running the engineat a dow speed, I found that there was a lmarked 

* See Pror, I. Me&. E , 1924, No. 2. 
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diflerenoc in its shape, due to  the inertia of the moving parts of the 
indimtor. 

Mr. T. REYNOLDS: When a length of tube is med to clonneviot 
ail indicator, errors arise owing to the fact that the pressure is 
transmitted througfh a cdumn of air. I would like to know 
whcther anyone has tried the " Constantinescu " method, using 
liquid for  the transmission of this pressure, when the indicator is 
homo distance away from the engine. 

With regard to the commercial point of view, I am of the opinion 
that there is a very large field for the robust indicator whioh can 
be used in #everyday work, and I feel confident that our big 
manufacturing firms would be only too pleased to instal tbem. 

MY. OICILL, in replying oln the discussion, said: Professor Rcholes 
criticises the statement that 'I air leakages are less important on 
petrol enginfes than on heavy oil engines." I agree that air leak- 
age into the induction chamb'er, when starting up, often renders 
starting difficult. I had, however, in mind the relatively less 
genera L importanoe and difficulty of dealing with high-pressure 
Isakngc from thfe small cylinders of high-speed petrol engines, as 
compared with the leakage from larger cylinders of slow-speed 
high-pressure oil engines of the self-ignition type. 

Regarding the deasibility of using a n  ordinary gas-engine indi- 
cator, fitted with a n  adjustable stop for high-speed work, I do not 
supposo that such a devivioe is likely to prove satis€actory at speeds 
exceeding about 500 revs. per minute. So far a i ~  I have been able 
to  try it, the results obtainled are suah as to warrant further cxperi- 
mcnts, and it may be that a specially-constructed indicator having 
substantial link-work would give satisfsotory results both as 
regards its working life and the size and accuracy of the diagrams 
obtainable at  still higher speeds. 

Professor Scholles remarks on the inferior compression curves of 
the Midgley diagrams reproduoed in the paper. ,The engine 
cylinder from which these diagrams were obtained was of com- 
paratively small bore, i.e., 2% in.; thus the pressure drop due 
to leakaw xi11 be greater than with a larger cyiindec, or when 
measured with an indicator having a dose-fitting and lubricated 
piston. I have no evidenae that an inferior compression curve is 
common to all diagrams taken by the Midgley indicator. The 
diagrams reproduced are indicative of the value of an  indicator, 
ancl while it may be that in the case quoted the indicator piston is 
leaking, there is no evidence that excessive leakage past the engine 
piston and valves is not taking place. 

MI. Kersey draws attention to  the magnitude of the forces exiut- 
ing, and their destructive effect on the mechanism of an ordinary 
gas-engine indicator. The forces certainly have to be provided for 
if  an indicator af this type is to  have a useful life when used on 
high-speed engines. 

Up to the present the link-work of the Crosby indimtor shows 
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no signs of failure, the only trouble has been that of the drum cord 
breaking rather too frequently a t  a n  engine speed of 1,000 revs. 
per minute; this wm found to be due to a faulty guide pulley. I 
havo not described the Dalby-Watson indicator, but have given a 
reference to  Dr. Watson’s paper, in  which his optical indicator 
together with the ingenious (‘ phase-changer,” mentioned by Mr. 
Kersey, is illustrated and described. I greatly appreciate the 
remarks of Professor Scholes and Mr. Kersey regarding the use- 
fulness of my pressune indioator. 

MI. Cole mks how to use the Okill indicator on a petrol engine 
mounted in a &assis. I n  order to measure the iliaximum compres- 
sion-pressure in any cylinder at normal engine speed, it is ob- 
viously nerxsaxy to have the throttle valve full open. When the 
vehicle is standing and the engine is running light, in order to 
provent racing it is of course neoessary to cut off the ignition from 
one or more cylinders, including the cylinder to be twted, and 
gradually to open the throttle valve to the maximuin position. The 
oon~pression-pressure of each cylinder is then measured and the 
redings compared. I t  is not always possible to run light with the 
throttle valve full open, owing to the engine functioning unsatis- 
factorily with several cylinders cut out A good idea as to the 
existenoe of leaks, or irregularity in  the charge distribution to 
ebch cylinder, may, however, be obtained by comparing the pres- 
sures when tbe throttle valve is in a fixed but only partly open 
position. Before measuring the compression-pressure the engine 
should be warmed up. If a cock is fitted to the combustion chamber 
of each cylindxx, the indicator may ble moved quickly to m y  
cylinder. 

The remarks by Mr. Dowm on his experience with an indicator 
are interesting, but in  the absenae of information regarding the 
speeds at which the various diagrams were obtained, and the 
system of governing, it is not possible to amount for the appear- 
ance and disappearance of the waves in the expansion curves. 

The differenm in the shape of the ideal diagrams, if i t  wm 
a difference of area, might be due to a difference in quality or 
quantity of the charge. 

In  reply to Mr. Reynolds, I do not know of any experiments! 
that havo been made with the Constantinescu- system of wave- 
transmission as a means of transmitting cylinder pressures to an 
indicator. Personally, I do not think that the system could be 
used for this purpose. 

I n  somo experiments made to  determine the effect of a long 
connecting tube I obtained the following results:- 

Experimenk (1) : With the pressure indicator oonnecteid directly 
to the oombustion chamber, volume ratio of compression = 4.56; 
at a speed of 1,080 revs. per minute a pressure of 73 Ib. per sq. in.  
was recorded. Under the same conditions, but at a speed OF 
1,415 revs. per minute, the pressure was 75 lb. per sq. in. 

Experiment (2): With the indicator still in the same position, 
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(Mr. Okill.) 
but with a small-bore copper tube-19 in. long-closed at  one 
end and open t o  the combustion chamber a t  the other, at 1,080 revs. 
per minute the pressure measured 63 lb. per sq. in. When the 
speed was increaseld to  1,415 revs. per minute the pressure was 
approximately the same, i.e., 64 lb. per sq. in. I n  this case the 
reduction in ooinpression-pressure, as compared with experi- 
ment (I), is due to the increased clearance volume and to the 
cooling effect of the connecting tube. 

Experiment ( 3 ) :  The indicator was attached at  the end of the 
tube, and at  1,080 revs. per minute the pressure was 73 lb. per 
sq. in., while a t  1,410 revs. per minute it rose to 78 lb. per sq. in. 
I n  this experiment, although the volume compression-ratio was 
reduced from 4-56 t,o 4.32, the pulsating motion of the column of 
gas in tho small-bore oonnecting tube caused the indicator to record 
a presmmo of p r a d h l l y  the same value as that returned for the 
higher compmseion-ratio (experiment (l)'), when the indicator 
w3s directly connected to the combustion chamber. 
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ENGINE-TESTING INSTRUMENTS Plate X 

FIG. 1.-Mean of 96 indicator cards, 8 cycles 
per card. 

FIG. 12.-Short tube-connection to indicator. 
Maximum pressure . . . . . . . . 
Mean effective pressure . . . . 
Revs. per minute . . . . . . . . . , 

230 Ib. per sq. in. 
78 Ib. per sq. in. 

2,030. 
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Pic;. 15.--l<ffect of one, two, three and four plugs on shape of 
indicator card when using parafin as fuel in an engine of 
4.5  roiiipreeuion-ratio running at 1,080 revs. per minute. 
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